This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



HUNG RECBFTj, [7\ ^ g glcCQ 




UNITED STATES P ^ RTMENT OF COMMERCE 
Patent and Trac _)k Office 
ASSISTANT SECRETARY AND COMMISSIONER 
OF PATENTS AND TRADEMARKS 
Washington, D.C. 20231 



j . I 

APPLICATION NUMBERj — FILING-DATE — [-GRP-ART-UNIT j FIL FEE REC'D jATTORNEY DO CKET NO.j DRWGS,| TOTCL| I NDCL 



09/289/902 04/12/99 2878 $467.00 CPI100CON 15 21 5 



SKINNER AND ASSOICATES 
ATTN JOEL SKINNER . 
619 SECOND STREET 
SUITE 201 
HUDSON WI 54106 



EXHIBIT B 



Receipt is acknowledged of Ihts no n pro visional Patent Application. It win be considered In Its order and you will be notified as to the 
results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE, NAME OF APPLICANT and "TITLE OF 
INVENTION when inquiring aoout this application, fees transmitted by check or draft are subject to collection. Please vsrtfy the accuracy 
of the data presented on receipt. If an error Is noted on this HOng Receipt, please write to the Application Processing Division's 
Customer Correction Branch within 10. days of receipt Please provide a copy of the Filing Receipt with the changes noted thereon. 
Applicants) 



** SMALL ENTITY ** 

TITLE 

APPARATUS AND METHOD FOR DETECTING AN OBJECT USING DIGITALLY ENCODED 
OPTICAL DATA 

PRELIMINARY CLASS: 250 



DATA ENTRY BY: CHADWICK, YOLANDA TEAM: 04 DATE: 05/04/99 

1 13SH1 isen ssiu sain iisii iisn sens isus uiai iim isiis ism aana neia iang inii aain inn ism sian atiii 1131 isoi 

(see reverse) 



J FfL 

APPARATUS AND METHOD FOR DETECTING AN OBJECT 
USING DIGITALLY ENCODED OPTICAL DATA 



5 

CROSS-REFERENCE TO RELATED APPLICATIONS, IF ANY 

This application is a continuation-in-part of application Serial No. 08/876,303, filed 
June 16, 1997, pending. 

10 

STATEMENT REGARDING FEDERALLY SPONSORED 
. . RESEARCH OR DEVELOPMENT 

15 Not applicable. 



REFERENCE TO A MICROFICHE APPENDIX, IF ANY 



20 Not applicable. 




1 



r, 



j j 

BACKGROUND OF THE INVENTION 



1 . Field of the Invention. 

The present invention relates, generally, to object proximity detection methods and 

5 apparatus. More particularly, the invention relates to object proximity detection methods using 

an optical sensor system that transmits and receives light radiation or optical signals. The 

. optical signal may be steady-state, pulsed, digitally encoded, or a sequenced combination of the 

foregoing. The invention provides a means to control a variety of devices or processes based 

upon the presence or absence of an object or substance within some predetermined distance 

10 from and/or orientation to a fixed sensor. An object or substance is detected by transmitting 

digital data bursts of light radiation from . a remote optical energy transmitter and verifying the 

error-free return of the digital data bursts into an optical energy receiver. The verification of 

the error-free return of the transmitted data bursts provides proof that, depending on the design 

of the sensor system, an object is either present and has reflected the optical energy into the 

15 receiver or is absent and has not blocked the optical energy from being received into the 

receiver. Additionally, the sensor system may be designed to detect characteristics of the 

detected object, such as the size, shape, and orientation of the object and/or the amount or 

portion of a substance contained by the object. 

The apparatus and methods of this invention have particular utility used in conjunction 

20 with commercial and institutional food service beverage and ice dispensing systems, 

medical/pharmaceutical dispensing systems, automated manufacturing and production systems, 

food processing systems, packaging systems, and a variety of other commercial, industrial, 

municipal and residential systems that utilize one or more mechanical, electronic, optical, or 
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similar sensors in their operations. For example, the apparatus and methods of this invention 
may be incorporated into a dispensing system to detect a container or target receptacle and to 
control the amount or portion of the product or substance dispensed into the container. 

5 2. Background Information. 

The primary difficulty with using optical signals for object detection is distinguishing 
valid signals from ambient light energy noise. This invention employs digital data error 
detection principles to insure that the received signal accurately indicates the presence or 
absence of an object. 

10 Noise rejection or avoidance in optical sensor systems has usually been attacked using 

one of two methods. The first method simply looks for "clean" time slots without noise and 
transmits signals during these clean time slots. The second method transmits a master-clocked 
continuous pulsed signal and a corresponding master-clocked synchronous signal, and verifies 
that the received signal exactly matches both the transmitted pulsed and synchronous signals. 

15 Methods for rejecting or avoiding noise in optical sensor systems are generally disclosed in the 
following United States patents: Skell et al, 5,744,793; Skell et al, 5,550,369; Skell et al., 
5,491,333; Grozinger et aL 9 5,250,801; Schiller, 5,245,177; Kim, 4,973,834; Hatten etaL, 
4,282,430; Hosel, 5,002,102; Fukuyamae/a/., 4,306,147; Devale, 4,437,499; and Upton, 
4,202,387. 

20 Known portion control apparatus and methods for dispensing systems are shown in the 

following United States patents: Upton, 4,202,387 and Skell et al., 5,744,793. Upton uses a set 

of photosensors to detect the presence and size of a container. Portion control is accomplished 

by controlling the pouring duration using timer circuitry according to the detected container 
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size. Skell et al. ('793) accomplish portion control by monitoring the product level and 
disabling the dispenser once the dispensed product reaches a given height in the container. Two 
sets of transmitters and receivers are used. One set is positioned and oriented to detect the 
presence of the container. The transmitter of the other set is positioned and oriented to direct a 
signal toward an inside wall of a cup-like container. The receiver of the other set detects the 
reflected signal until the dispensed product reaches a predetermined level in the container and 
interferes with the signal. The dispenser continues to dispense product . if the received signal 
matches the synchronous signal, and discontinues to dispense the product if the received signal 
does not match the synchronous signal. 

This invention differs significantly from known art. No attempt is made to pre-filter the 
noise to a relatively low level with respect to the signal nor to identify "clean" time slots in 
which to transmit a signal. Moreover, this method does not depend on a master clock, a 
continuous pulsed signal, or a corresponding synchronous circuit. Rather, the present invention 
transmits a burst of digitally encoded data as required to control the equipment, system, or 
process that is the object of the design. Furthermore, both the data content and period between 
bursts are varied. This asynchronous transmission of digitally encoded data provides an 
effective method for distinguishing valid signals from ambient light energy noise. 



BRIEF SUMMARY OF THE INVENTION 



The present invention provides a proximity detection apparatus and method for 

transmitting and receiving an asynchronous, digitally encoded data stream using an optical 
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sensor system. This invention, unlike the known art, uses the principals of digital data 
transmission, reception, and error detection to verify the presence or absence of an object within 
a predetermined area, and in a dispensing system embodiment, to provide portion control An 
infrared data transmitter generates an optical data stream that, depending on the design of the 
5 system and the presence or absence of an object, may be received into an infrared data receiver. 
This detection scheme is highly tolerant of external noise that may be caused by modulating 
light sources, randomly occurring optical noise, and ballast-driven fluorescent lighting. 
Furthermore, by using a suitable microcontroller or microprocessor, the asynchronous data 
transmission used in this scheme nearly eliminates the dedicated, hardware and electronics 
10 required by other noise filtering schemes. In addition, the infrared transmitter and receiver may 
be located at some distance from the microcontroller or microprocessor by incorporating data 

line drivers. - --- -- 

The data transmitter and receiver operate in the infrared spectrum. A light emitting 
diode (LED) serves as the data transmitter and two photo transistors serve as the data receiver. 
15 A software program operating within the microcontroller controls the operation of the data 
transmitter and receiver. In a preferred embodiment, the transmitter emits an infrared data 
stream toward a predetermined space or region which may contain an object. If an object is 
within the space, the surface of the object reflects the data stream back into the receiver. The 
microcontroller compares the received digital data to the transmitted digital data. If the 
20 received digital data exactly matches the transmitted digital data, the presence of an object in 
the detection space is verified. However, if the received digital data does not exactly match the 
transmitted digital data, then the presence of an object within the detection space is not verified 
and it is assumed that the received digital data was produced by an external source of 



interfering noise. In addition, if no digital data is received after a transmission, then no object 
was within the defined space to reflect the transmission. Additional transmitters and receivers 
may be positioned and oriented to provide portion control in a dispensing system embodiment. 
Portion control may be accomplished by either detecting the container size and then controlling 
the pouring duration or fill sequence of the product, or by detecting the product level in a 
container. 

This detection scheme uses a method of error checking similar to traditional full-duplex 
data transmission, in which a remote device in communication with a computer echoes any data 
received from the computer immediately back to the computer. The computer, having received 
exactly the same data as it transmitted, has a reasonable expectancy that the remote device 
received error-free data. In this embodiment, the echo is caused by the reflection of the 
transmitted data by an object in the detection space. Because the detected signal is bit-oriented 
digital data rather than a fixed frequency pulse, more rigorous error detection methods may be 
invoked to further improve the rejection of externally-generated optical noise. This invention 
also includes a threshold stage in the receiver's circuit whereby most steady state or DC-level 
noise caused by steady-state ambient light can be rejected. 

An advantage of this invention over the known art is the elimination of the following 

elements: a synchronous circuit required to insure the received signal is not confounded by 

optical noise; an oscillating circuit required to generate the signal pulse train; and a master 

clock required to coordinate the synchronous circuit output, the oscillating circuit output, and 

the comparison circuit input. In addition the digital data transmission, reception and error 

checking of the present invention provide increased resistance to periodic noise and inherent 

resistance to random optical noise. Furthermore, the present invention does not pre-scan for 
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possible optical interference. A single low cost microcontroller or microprocessor performs the 
control functions of the present invention. 

The features, benefits and objects of this invention will become clear to those skilled in 
the art by reference to the following description, claims and drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Fig. 1 illustrates a block diagram of the circuitry of the present invention. 

Fig. 2 illustrates the regulated power supply shown in Fig. 1. 

Fig. 3 illustrates the related circuitry for the microcontroller shown in Fig. 1. 

Fig. 4 illustrates an example of the interface circuit shown in Fig. 1. 

Fig. 5 illustrates the sensor circuit of the transmitter/receiver unit of Fig. 1. 

Fig. 6 illustrates the transmitter/receiver arrangement in relation to the outer reflection 
plane of the predetermined space. 

Fig. 7 illustrates the transmitter/receiver arrangement in relation to the inner reflection 
plane of the predetermined space. 
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Fig. 8 illustrates the transmitter/receiver arrangement in relation to a reflection plane 
within the predetermined space. 

5 Fig. 9 illustrates an embodiment of the present invention that utilizes a second receiver 

to increase the depth of the predetermined space. 

Fig, 10 illustrates a timing diagram for a first digital error detection method, wherein 
the timing diagram shows typical optical noise signals, transmitted data signals sent at gradually 
10 increasing intervals while sweeping a periodic time band, and the combination of the noise and 
data signals. 

Fig. 11 illustrates a timing diagram for a second digital error detection method, wherein 
the timing diagram shows typical optical noise signals, the transmitted data signals sent at 
15 random intervals, and the combination of the noise and data signals. 

Fig. 12 illustrates a flow diagram of the first software routine used for the first digital 
error detection method shown in the timing diagram of Fig. 10, wherein said software routine 
sends, receives, and validates digital data. 
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Fig. 13 illustrates a flow diagram of the second software routine used for the second 

digital error detection method shown in the timing diagram of Fig. 11, wherein said software 

routine sends, receives, and validates digital data. 
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Fig. 14 illustrates a dispensing system having a transmitter/receiver unit positioned and 
oriented to detect the presence of a container. 

Fig. 15 illustrates a dispensing system with portion control having transmitter/receiver 
units positioned and oriented to detect both the presence and the size of a container. 

Fig. 16 is a perspective view illustrating the relation between the transmitter, the 
receivers and the container for the dispensing system of Fig. 15. 

Fig. 17 illustrates a flow diagram of a software routine operating within the dispensing 
system of Fig. 15-for programming a fill sequence for a detected container size. 



DETAILED DESCRIPTION 

A block diagram of the preferred embodiment of the present invention is shown in Fig. 

1. The term "digital data bursts," as used herein, is defined as asynchronous signals that are 

digitally encoded with a data pattern. The object proximity detection apparatus 10 transmits 

digital data bursts of optical energy pulses 12, which if reflected from an object 14 as return 

digital data bursts 16 and verified as exactly replicating the transmitted digital data bursts 12, 

indicate that the object 14 is within a predetermined space defined by the design of the infrared 

transmitter/receiver unit 18. The infrared transmitter/receiver unit 1 8 communicates over a bi- 
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directional asynchronous serial data link 20 with a microcontroller 22 or microprocessor. The 
microcontroller 22 uses a suitable interface circuit 24 to influence the controlled equipment 26, 
system or process. A regulated power supply 28 powers the transmitter/receiver unit 18, 
microcontroller 22, and interface circuits 24. A real-time control program operates within the 
microcontroller 22. The control program sends, receives, and validates serial multi-bit digital 
data to and from the transmitter/receiver unit. The software is described in more detail after the 
rest of the invention is disclosed. 

A traditional, low-cost regulated power supply 28 is shown in Fig. 2. It includes a 
transformer 32 which reduces 120 or 240 VAC power 34 to 12 VAC, a full-wave rectifier 
bridge 36 which converts the 12 VAC to 12 VDC, and an integrated circuit voltage regulator 38 
which, with filter capacitors 40 and 42, provides a constant output potential 48 of five volts to 
power the transmitter/receiver unit 18 and the microcontroller 22. The power supply 28 also 
provides unregulated 12 VDC or VRAW 50 to power the load relays 52 in the interface circuit 
24. 

A microcontroller circuit 54 is depicted in Fig. 3. It is designed to support two 

transmitter/receiver units 18 and to provide on / off control to two interface circuits 24. As 

shown in Fig. 3, the sensor data input/output function uses individual port pins 58, each of 

which is programmed as an input or output via a data direction register within the 

microcontroller 22 during initialization. Likewise, the control outputs are driven via individual 

port pins 58, also programmed as outputs during initialization. The microcontroller 22 has a 

reset circuit 62 that insures a stable initialization on power-up by holding pin U2:RESET low 

until the regulated supply voltage 48 rises above a predetermined threshold. This 

microcontroller circuit 54 also allows, by virtue of the DELAY ON/OFF TIMING DECODE 
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section 56, a system-wide selectable on delay and selectable off delay operation. On 
initialization, the selectable delay timings used by the control program are established by 
scanning the DELAY ON/OFF TIMING DECODE section 56. Two four-bit binary numbers 
(from 0-1 5 10 ), representing the open/closed patterns of the selectable on delay switches 64 and 
5 the selectable off delay switches 66, function as an index for a table of predetermined on delay 
and off delay times. The microcontroller 22 forms the four-bit binary value for the on delay 
time by manipulating and reading the logic state of the port pins 58 connected to the on delay 
switches 64. First, pin U2:PA3 is pulled low and the state of pin U2:PA5 is tested. If pin 
U2:PA5 is low, then switch SW1 :4 is closed and yields a binary "0." If pin U2:PA5 is high, 

10 then switch SW1:4 is open and yields a binary "1." Pin U2:PA3 is then driven high again 

before decoding the next switch. The process is repeated using the U2:PA2/U2:PA5 pin pair to 
decode switch SW1 :3, the U2:PA1/U2:PA5 pin pair to decode switch SW1 :2, -and the 
U2:PA0/U2:PA5 pin pair to decode switch SW1:1. Likewise, pin U2:PA4 and pins U2:PA3- 
U2:PA0 are used to decode the off delay switches 66 and form a four-bit binary number to 

15 index a table of predetermined off delay times. 

SENSORl_DATA_OUT 68 and SENSOR2JDATA_OUT 70 transmit serial data to 
each of two transmitter/receivers units 18. A multi-bit data burst is formed by toggling the 
appropriate port pin U2:PA6 or U2:PA7, wherein a high output is driven for a binary "1" and a 
low output is driven for a binary "0." The bit timing is predetermined by program constants 

20 which set approximately a fifty microsecond delay between bit outputs. The data source is 

determined by the control program, embodiments of which are described in more detail below. 

SENSOR1JDATAJN 72 and/or SENSOR2JDATAJN 74 receive serial data from the 

two receiver/transmitter units 18. Bits are read serially by testing the state of pin U2:PB3 
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and/or pin U2:PB4 immediately after each bit transmit/delay sequence. A received bit is 
considered valid only if it matches the transmitted bit A valid_bit_counter, initialized to 0, is 
incremented for each valid reception. Thus, the transmission of an eight-bit data burst is 
considered valid if and only if the vdid_bit_counter value is equal to eight 
5 Outputs to the interface circuit, CONTROL l_OUT 76 and CONTROL2_OUT 78, are 

controlled by the microcontroller program as required by the control application. As shown in 
Fig. 4, CONTROL l_OUT 76 and CONTROL2_OUT 78 are each electrically connected to an 
interface circuit 24, which is connected to the controlled equipment 26. The design of the 
interface circuit 24 is specific to the type of equipment 26 or system to be controlled and 

10 process to be performed. Fig. 4 illustrates an interface circuit 24 that uses load relays 52. 

Fig. 5 shows the electronic circuits employed with the transmitter/receiver unit 18. The 
data pattern 80, transmitted by the microcontroller 22 on SENSOR1 JDATAJDUT 68 for : 
example, controls transistor 82 as a low-side switch and causes intermittent or pulsed current to 
flow through the infrared transmitter or LED 84. The intermittent current causes the LED 84 to 

15 produce a pattern of optical bursts 12 that corresponds to the data pattern 80 in such a manner 
that infrared energy is emitted from the LED 84 when the SENSORl_DATA_OUT 68 is high 
and is not emitted from the LED 84 when SENSOR1 JDATA_OUT 68 is low. Thus, the timing 
and duration the pattern of the optical bursts 12 emitted by the LED 84 replicates the digital 
data pattern 80. The reflected infrared energy 16 is received by and controls photo transistors 

20 86 as high-side switches. The photo transistors 86 pull the output data line 88 high when 

infrared energy 16 is detected and allow the output data line 88 to go low when infrared energy 

16 is not detected. An amplifier 90 conditions and shapes the individual data signals 

transmitted to the comparator 92 which, via an adjustable reference level 94, provides a lower 
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threshold or cutoff of low level signals (typically optical noise detected by the photo transistors 
86). The photo transistors 86 receive a pattern of infrared bursts 16 that correspond to the data 
pattern 80 only when the infrared energy 16 is reflected from the surface of an object 14 within 
the predetermined space. The output data line, or SENSORl_DATA_IN 72 for example, 
transmits digital data pattern 96 back to the microcontroller 12 for comparison to the 
transmitted digital data 80. 

Optical noise such as external light sources may cause the photo transistors 86 to switch 
on and off, which produces electrical noise on SENSORl_DATA_IN 72. This noise is 
effectively filtered out by the control program operating within the microcontroller 22 by 
comparing and verifying the received digital data 92 against the transmitted digital data 80. 
Methods used.by the control program to detect and filter optical noise are disclosed in greater 
detail below. - - - - • 

As shown in Figs. 6-8, the infrared transmitter 1 12 and receiver 1 14 detect objects 14 
within a predetermined space 116. In a preferred embodiment, one infrared transmitter 1 12 and 
one infrared receiver 1 14 are positioned near a reference plane 118. The transmitter 112 and 
receiver 1 14 are positioned at a predetermined distance 120 from each other and at 
predetermined angles 122 and 124 to the reference plane 118. The angles 122 and 124 are 
approximately fifty-two degrees in this embodiment. The transmitter 112 emits a beam of 
infrared energy 12 in a more-or-less conical pattern as defined by beam boundaries 126 and 
128. The beam angle 129 is dependent upon the design of the transmitter 1 12 and is 
approximately seventeen degrees in this embodiment. Reflection planes 130, 132, and 134 
represent surfaces of an object 14 which reflect the infrared energy 16 back toward the receiver 
114. 
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As shown in Figs. 6 and 7, the predetermined space 1 1 6 is defined by an outer reflection 
plane 130 and an inner reflection plane 134. When beam boundary 126 strikes a surface 
represented by outer reflection plane 130 at an angle 136, it reflects back as return beam 
boundary 138 at angle 140, which is equal to angle 136. In a like manner, beam boundary 128 
5 strikes the surface represented by the outer reflection plane 130 at angle 142 and is reflected 
back toward receiver 1 14 as beam boundary 144 at angle 146, which is equal to angle 142. The 
returned cone of light energy has a beam spread 148 wherein the return boundary beam 138 
falls just to the right of receiver 114. Since receiver 1 14 is not within the space defined by the 
beam spread 148, it will not detect the presence of an object 14 positioned at or further than 

10 reflection plane 130 from the transmitter 1 12 and receiver 1 14. 

Referring to Fig. 7, when beam boundary 126 strikes a surface represented by the inner 
reflection plane 134, it reflects back as return beam boundary 150. In a like manner, beam 
boundary 128 strikes the surface represented by reflection plane 134 and is reflected back 
toward receiver 1 14 as return beam boundary 152. The returned cone of light energy has a 

1 5 beam spread 1 54 wherein the return boundary beam 1 52 falls just to the left of receiver 114. 
Since receiver 1 14 is not within the space defined by the beam spread 154, it will not detect an 
object 14 positioned at or closer than the inner reflection plane 134. 

Fig. 8 illustrates the reflection off of an object 14 within the predetermined space 116. 
It shows the receiver 1 14 positioned within the beam spread 156 defined by return boundary 

20 beams 158 and 160. Therefore, the receiver 1 14 will detect an object 14 positioned at reflection 
plane 132. The depth 162 of the predetermined space 1 16, which is in this embodiment 
approximately 1.5 inches, is determined by the distance between the inner 134 and outer 130 



reflection planes. A surface located anywhere within the predetermined space 116 will reflect a 
beam emitted by transmitter 1 12 onto receiver 1 14. 

Referring again to Fig. 6, if the mounting distance 120 between transmitter 112 and 
receiver 1 14 is increased, receiver 1 14 will be within beam spread 148, allowing it to detect an 
5 object 14 positioned at or beyond outer reflection plane 130. Referring again to Fig. 7, if the 
mounting distance 120 is decreased, receiver 1 14 will be within beam spread 154, allowing it to 
detect an object 14 positioned at or closer than the inner reflection plane 134. Therefore, the 
predetermined space 116 may be moved further from or closer to the transmitter 1 12 and 
receiver 1 14 by adjusting the mounting distance 120 between the transmitter 1 12 and receiver 

10 114. The depth 162 of the space 1 16 may be altered by changing the angle 122 of the 

transmitter and the angle 124 of the receiver 1 14. Increasing angles 122 and 124 will increase 

— - the depth 132 of the predetermined space 1-1 6. -Decreasing angles 122 and 124 will decrease the 
depth 132 of the space 116. 

If the dimensions of the space 1 16 are such that altering the mounting distance 120 or 

15 angles 122 and 124 is not adequate, a second receiver 164 may be mounted between the 
transmitter 1 12 and receiver 1 14 as shown in Fig. 9. The second receiver 164 is positioned 
within beam spread 154 and allows an object 14 closer than the inner reflection plane 134 to be 
detected without affecting the maximum detection distance identified by the position of the 
outer reflection plane 130. The depth of the predetermined space 162 is increased to the 

20 distance between reflection planes 130 and 166. 

The present invention can detect and filter optical noise using multiple digital error 

detection methods. Two preferred embodiments or methods are described below. The noise 

either may be steady (DC level) noise caused by direct or reflected light from steady sources 
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such as sunlight and incandescent lights, or it may be intermittent noise caused by modulated 
lighting such as ballast-driven fluorescent lighting. Referring to Figs. 10 and 11, noise 98 
caused by fluorescent lighting typically results in noise signal 100 that approximates a 120 Hz. 
square wave. In the first method for filtering out noise shown in Fig. 10, the microcontroller 22 
5 transmits a series of short digital data bursts 80 shown as signal 102, the intervals 103 of which 
are gradually increased while sweeping a periodic time band 104. If the transmitted signal 102 
is reflected by an object 14 in the predetermined space, the combination of the noise signal 100 
and the transmitted signal 102 results in signal 106. Valid digital data 108 is detected and 
verified by the microcontroller 22 when a noise signal 100 is not present. Invalid digital data 

10 1 10 is detected when a noise signal 100 is present. An object 14 is detected when the 

microcontroller 12 verifies valid digital data 108 and is ignored when the microcontroller 12 
- > -receives invalid digital data 1 1G. The transmitted signal interval 103 is reset and the sweeping 
begins as before at the beginning of each periodic time band 104. The rate of increase of the 
data burst interval is varied so as not to be harmonic with noise signal 100. In the second 

15 method for filtering out noise shown in Fig. 11, the microcontroller generates and transmits 
bursts of data at random intervals 170; The term "random/' as used in the application, 
incorporates computer generated "pseudo random" numbers produced through algorithms. The 
transmission of data at random intervals avoids duplicating the frequency or any harmonic 
frequencies of the noise signal 100. 

20 The first software routine 172 used in the first method of digital error detection is 

illustrated in the flow diagram of Fig. 12. This routine 172 includes a Main Process loop 173 

that calls a Scan and Control sub process 175 that basically operates within either a Scan Sensor 

Module 174 or a Latch Module 176. The Main Process loop 173 contains an interval generator 
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function that determines the interval 103 between successive scans or generated data bursts 80. 
The interval generator sweeps a periodic time band 104 by setting a pass target number to zero 
and incrementing the pass target number after each scan until the pass target number equals 63. 
When the pass target number is incremented to 64, it is reset to zero to start sweeping a new 
5 periodic time band 1 04. 

In the Scan Sensor Module 174, the microcontroller sends the transmitted bursts of 
digital data, receives digital data, and checks or verifies that the received data is valid by 
comparing it to the transmitted bursts of digital data. If the data is not valid either because of 
noise or the because the object is not present, the microcontroller continues to operate in the 

10 Scan Sensor Module 174 and transmit bursts of digital data. If the data is valid because the 
object is present, the microcontroller turns the control output on and enters the Latch Module 

^ 176 try transmitting steady state signals rather than bursts of digital data. "™- " 

In the Latch Module 176 the microcontroller toggles its transmit signal on and off and 
checks the resulting receive signal to determine whether the object is still present, the receiver 

15 is detecting noise, or the object is not present. The microcontroller stays in the latch module 
176 when the object is still present. When the object is not present or the receiver is detecting 
noise, the microcontroller turns the control output off and returns to the scan sensor module 174 
where it transmits bursts of digital data rather than steady state signals. The microcontroller 
determines that an object is still present if the receive signal is on when the transmit signal is on 

20 and the receive signal is off when the transmit signal is off, that the receiver is detecting noise if 
the received signal remains on when the transmit signal is turned off, and that the object is not 
present if the receive signal is off whenever the transmit signal is on. An executive scheduler 
controls the detection control routine. 



In this first embodiment, the data source is taken from the lower four bits of a stored 
memory location. The. value of these four bits can be algorithmically altered to form its 
complement. An eight-bit source is transmitted by first serially transmitting the four-bit data 
source, complementing the data source, and then transmitting the resulting four bits. It is very 
5 unlikely that random optical noise would duplicate this signal. Additionally, the eight-bit data 
source can be complemented between transmissions. 

The second software routine 178 used in the second digital error detection method is 
illustrated in Fig. 12. The routine 178 of the second method of digital error detection includes a 
Main Process loop 180 that calls a Scan Sensor sub process 182 and an interval generator or 

10 Calculate Pass Target 184 sub process. The Scan Sensor sub process sends, receives and 
validates serial multi-bit data from the transmitter 1 12 and receiver 114. The Calculate Pass 
Target sub process generates a random pass target number equal to or greater than zero and less 
than sixty-four. The Main Process loop 180 runs continuously and increments a pass count 
variable for each loop it makes until the pass count variable equals the pass target number. 

15 When the pass count variable equals the pass target number, the Main Process loop 180 calls 
the Scan Sensor sub process 182. The random interval between sensor scans shown in Fig. 11 
is random because the generated pass target number is random. The microcontroller generates 
the pass target number by performing a cyclical redundancy check (CRC) on constantly varying 
data. A preferred method for generating the pass target number includes performing the 

20 following steps: (1) Obtaining a starting binary number or seed "n" from the microcontroller's 
free running clock, wherein "n" is defined by the equation "0 < n > 255;" (2) Forming a sixteen 
bit data block by multiplying the number "256;" (3) Generating the random number V by 
dividing the data block with a six-bit polynomial divisor, 2 5 + 2 4 + 2 2 + 1, wherein V is 



defined by the equation "0 < r > 64;" (4) Creating a new pseudo-random sixteen bit data block 
by multiplying the random number "r" by the number "256" and adding the current value of the 
free running clock; and (5) Returning to Step Three. The execution sequence varies, causing 
the number of executed instructions and consumed clock cycles to vary as well. Therefore, the 
pseudo randomization of the data block is achieved in the fourth step where the value of the 
free running clock is added. 

In the second embodiment, a data byte is generated by taking the lower four bits of a 
memory location (low-order nibble) followed by the upper four bits of a memory location 
(high-order nibble). The data byte is rotated one bit before each data transmission. The control 
output is turned on whenever valid data is detected and is turned off whenever invalid data is 
detected. 

Table 1 compares the two methods of digital error detection shown in the timing and • 
flow diagrams of Figs. 10 and 12 and Figs. 1 1 and 13. 
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TABLE 1 



Components 
of 

Embodimen 
ts 


Sweeping Intervals 
(First Embodiment) 


Random Intervals 
(Second Embodiment) 


Data 
Transmission 


• Shift out 4 bits. 

• Calculate the complement 

• Shift out the complement of the 4 bits. 


• Shift out 8 bits. 

• Rotate the byte by 1 bit before next 
transmission. 


Data Reception 


• Bits are read serially and compared to the 
transmitted bit 


• Bits are read serially and compared to the 
transmitted bit 


Interval 
Generation 


• Set Pass Target to zero. 

• Increment Pass Target after each sensor 
scan. 

• Reset to zero after 63 sensor scans. 


• Random Pass Target calculation initially 
seeded with the product of the system 
timer and 256. 

• Generate a new pass target after each scan 
by using the product of the last pass target 
value and 256 plus the current system 
timing value. 

• System scan intervals are based on a 
random number of mail loop passes which 
randomly varies from 0 to 63. 


Control Output 
ON 


• The control output is turned on whenever 
valid data is detected during a scan. 


• The control output is turned on whenever 
valid data is detected during a scan. 


Latch Mode 


• Latch Mode is enabled upon valid data 
detection and upon the control output 
beihgon. ' 


• Not used. 


Control Output 
OFF 


• Latch is tested on each scan. 

• Latch failure indicates noise or no 
container. 

• The control output is turned off whenever 
there is a latch failure. 


• The control output is turned off whenever 
invalid data is detected during a scan.. 



The above description illustrates" an embodiment of the invention in which valid data is 
received only after being reflected off of an object. However, this invention anticipates using 
5 digital error detection methods with other object proximity detection methods and designs. For 
example, the device could be designed to receive and verify valid digital data when an object is 
not present within a predetermined space. It would detect an object when the object blocks the 
transmitted data. 

A significant portion of the microcontroller time can be spent in the data transmit and 
10 receive activity. In addition, transmission via single bit-to-port transfers presents some internal 
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timing problems. One alternative is to use a microprocessor with an on-chip UART (universal 
asynchronous receiver-transmitter). The UART relieves the microcontroller of all the data 
transmission essentials. The desired data pattern is simply loaded into the UART and 
transmitted when desired. The UART can simultaneously receive the returned data into its 
5 receive buffer, allowing the data verification to be a simple byte to byte compare. This 
embodiment is capable of using significantly longer and/or more complex data patterns and 
using higher transmission rates to further improve noise rejection. 

Another embodiment incorporates data line drivers (RS 232 or RS 422) with the 
transmitter/receiver units so that, with a suitable local power source, the transmitter/receiver 

10 units could be mounted at a considerable distance from the microcontroller or microprocessor 
(up to 4000 feet in the case of RS 422). The communications link in the present invention is 
over one meter in length. This -embodiment could be used as a computer peripheral connected 
to a standard communications port on a typical personal computer. The detection data pattern 
could be formed from pure ASCII encoded characters. 

15 Another embodiment adds a multiplexing method to the microprocessor so multiple 

sensors, each monitoring a separate location, could easily be incorporated. More sensors allow 
the flexibility to adapt to various requirements of different controlled equipment and processes. 
A single microprocessor could monitor separate and discrete locations, monitor larger 
predetermined spaces, and/or monitor numerous sub-spaces within a larger predetermined 

20 space. 

Another embodiment uses available data receiving IC devices such as the SHARP 

GP1U57 in lieu of photo transistors in the sensor unit. These devices, also based on infrared 

light detection, are designed to receive very high frequency pulses of short duration, typically 
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40,000Hz for 600^sec. The transmitted data in this embodiment is sent as a series of high 
frequency pulses. Advantages of this embodiment include additional resistance to external 
optical noise and an increase in the sensor's ability to detect objects further from the sensor. 
The apparatus and methods of this invention have particular utility used in conjunction 
5 with commercial and institutional food service beverage and ice dispensing systems, 

medical/pharmaceutical dispensing systems, automated manufacturing and production systems, 
food processing systems, packaging systems, and a variety of other commercial, industrial, 
municipal and residential systems that utilize one or more mechanical, electronic, optical, or 
similar sensors to function properly. Additionally, the controller systems of this invention may 

10 be used without any sensor. Rather, it can receive an input from a human operator via a 
keyboard or other input means. 

Fig. 14 illustrates a dispensing system or dispenser 202, particularly a drink dispenser, 
that has a transmitter/receiver unit or unit 18 positioned and arranged to detect the presence of a 
container, target receptacle or cup 204. The vertically-mounted unit 18 illustrated in Fig. 14 

15 has a generally fan-shaped "zone of detection" as determined by the placement and angles of 
the transmitter 112 and the receivers 1 14 and 164, and is characterized by having a smaller 
detection zone in the horizontal direction than in the vertical direction. Various-sized cups are 
reliably detected by aligning the fan-shaped zone of detection along the long axis of the target 
receptacle. 

20 However, as illustrated in Fig. 16, the unit 18 can be mounted horizontally and still 

detect the presence of a cup 204 if the cup height is above or very near the axis of the 

transmitter 1 12. When a ray from a beam of infrared energy strikes a surface, it will reflect 

such that the angle of reflection from normal is equal to the angle of incidence from normal. 
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The normal is defined as a line perpendicular to the surface at the point at which the ray strikes 
the surface. A first transmitted ray 206, forming a boundary of the beam, strikes the cup 
surface and is reflected at an angle equal to the ray's angle of incidence. A second transmitted 
ray 208, forming the opposite boundary of the beam, misses the cup and is not reflected. A 
5 third transmitted ray 210 is normal to the surface and is reflected directly back, and thus will be 
detected by a receiver 1 14 situated on the same plane as the transmitter 112. Similarly, a fourth 
transmitted ray 212, striking the surface slightly below the third ray, will reflect back into the 
zone of detection and will be detected by a receiver 164. If the target surface of the cup 204 is 
more than slightly below the rays normal to the surface, the reflected rays will fall outside the 
10 zone of detection. Therefore, the horizontal alignment of the unit 18 provides edge-detection 
and proximity detection. 

■ - Cup heights can be detected by vertically spacing horizontally mounted sensor units 1 8 . 

Fig. 15 illustrates an embodiment of a dispenser 202 that use three horizontally aligned sensor 
units 18a, 18b, and 18c to detect the size of a cup 204. The first unit 18a is positioned and 

15 oriented to detect a small cup 204a, the second unit 18b is positioned and oriented to detect a 
medium cup 204b, and the third unit 18c is positioned and oriented to detect a large cup 204c. 

The first step in detecting a cup size is verifying that a cup 204 is present using the 
lowest unit 18, which is the first unit 18a. All three units 18a, 18b, and 18c are scanned in an 
interleaved manner to detect the size of the cup 204. A small cup 204a is identified if the first 

20 unit 18a detects the presence of a cup 204 and the second and third units 18b and 18c do not. A 
medium cup 204b is identified if the first and second units 18a and 18b detect the presence of a 
cup 204 and the third unit 18c does not. A large cup 204c is signaled if the first, second and 
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third units 18a, 18b, and 18c each, detect the presence of a cup 204. No cup 204 is present if 

none of the units 18a, 18b, or 18c detect the presence of a cup. 

Once a cup 204 is detected, the scanning ceases and the first unit is monitored to 

determine if the cup 204 is still in position. A microprocessor-controlled fill sequence, 

5 described below, is immediately stopped if the cup has been removed. After the fill sequence is 

completed, the dispenser 202 will not process new fill sequences until the cup 204 is removed. 

An audible and/or visual feedback system may be used to alert the operator that a sequence has 

been completed and that the cup 204 has not been removed. 

Because cup height alone cannot be used to calculate volume, this invention uses the 

10 microprocessor of the dispenser 202 to implement a "training" sequence in which the volume 

for a cup 204 of a particular size is calculated based on timing the fill during a training cycle. 

• In other words, the microprocessor of the dispenser 202 is trained to fill different sized cups 

that may be detected by a particular arrangement of sensor units 18, such as the small, medium 

and large cups in Fig. 15. There are several methods which can be used to train the processor 

15 of the dispenser 202. A simple method uses a momentary contact, normally open, push button 

switch that can be read by the microprocessor, and further uses a visible and/or audible output 

to provide an operator with feedback during the training sequence. 

A typical fill sequence is divided into three cycles: (1) Initial Fill; (2) Foam Settle; and 

(3) Top Off. The Foam Settle cycle is required for beverages which incorporate carbon dioxide 

20 or for other products which tend to foam. Fig. 17 illustrates a flow diagram of a software 

routine 220 operating with the dispenser 202 for programming a fill sequence. The software 

routine 220 performs the Initial Fill 222, Foam Settle 224, and Top Off 226 cycles. A fill 

sequence training mode 228 can be initiated by powering up the dispenser 202 while 
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simultaneously depressing a.training button. After an operator depresses the switch for a 
predetermined time, the microprocessor of the dispenser 202 enters the fill sequence training 
mode 228 and signals the operator that it is ready to record a training sequence. The operator 
releases the switch and places a cup 204 of the desired size in the dispenser 202. 
5 The dispenser 202 detects a cup 204 and determines which size is present The operator 

presses the switch which causes the dispenser to fill the cup with a drink. The dispenser 202 
begins the Initial Fill cycle 222 and counts the elapsed time in milliseconds. The operator 
releases the switch when the operator determines that the Initial Fill , cycle is complete. The 
initial fill elapsed time is saved in non-volatile storage. 

10 The dispenser counts the elapsed time after the Initial Fill cycle 222 for the Foam Settle 

cycle 224. If the training switch is not pressed within a predetermined time, the dispenser 
processor assumes that neither a Foam Settle cycle 224 nor a Top Off cycle 226 is needed and 
readies itself for the next training step. If the switch is pressed before the predetermined time 
expires, the elapsed time for the Foam Settle cycle 224 is also saved in non-volatile storage and 

15 the dispenser begins filling for the Top Off cycle 226. The dispenser processor counts elapsed 
time during the Top Off cycle until the operator determines the Top Off cycle is complete and 
releases the switch. The time is saved in non-volatile memory. The dispenser processor waits a 
predetermined time and signals the operator when it is ready to repeat the training sequence. 
The same size cup is used for a predetermined number of training sequences 228. The 

20 dispenser processor determines the mean elapsed time for the time values recorded for each of 
the cycles, and saves these values in non-volatile storage 230. These time values are then used 
as the fill/delay/fill times for the particular cup size during normal automatic dispenser 
operation. 
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The training sequence is repeated for each of the cup sizes. This fill sequence training 
process not only allows a dispenser processor to be trained to fill different cup sizes, it allows 
the processor to be retrained in the event of a cup design change or due to changes in the 
product, including that the product foams more or less or that the Foam Settle and Top Off 
cycles are no longer needed. To accommodate cup size changes, the units 18 are equipped with 
means for adjusting their vertical position relative to the rim of a cup. 

During normal, automated operation, a fill sequence commences whenever a cup 204 is 
detected. The dispenser processor determines the cup size and automatically performs the 
Initial Fill/Foam Settle/Top Off cycles according to the cycle times stored from the training 
sequence. If a cup is removed before a cycle is complete, the dispenser processor stops the 
current sequence, resets, and waits for another cup to be placed and detected. 

The descriptions above and the accompanying drawings should be interpreted in the 
illustrative and not the limited sense. While the invention has been disclosed in connection 
with the preferred embodiment or embodiments thereof, it should be understood that there may 
be other embodiments which fall within the scope of the invention as defined by the following 
claims. Where a claim is expressed as a means or step for performing a specified function it is 
intended that such claim be construed to cover the corresponding structure, material, or acts 
described in the specification and equivalents thereof, including both structural equivalents and 
equivalent structures. 
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) 

CLAIMS 

That which is claimed is: 

1. A proximity detection apparatus, comprising: 

(a) a transmitter having an axis of projection oriented toward a predetermined space; 

(b) a receiver having an axis of reception oriented to intersect said axis of projection in said 
predetermined space; and 

(c) a processor electrically connected to said transmitter and to said receiver, wherein said 
processor electrically produces transmitted data bursts to said transmitter, said 
transmitter receives said transmitted data bursts and emits corresponding optical bursts 
toward said predetermined space, wherein said receiver detects return optical bursts and 
electrically transmits corresponding received data bursts to said processor, and wherein 
said processor compares said transmitted data bursts to said received data bursts to 
verify whether an object is in said predetermined space. 

2. The proximity detection apparatus of claim 1, wherein said transmitted data 
bursts are produced asynchronously. 

3. The proximity detection apparatus of claim 2, wherein a time interval between 
successive transmitted data bursts is gradually increased during a predetermined periodic time 
band. 
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4. The proximity detection apparatus of claim 2, wherein a time interval between 
successive transmitted data bursts is random. 

5. The proximity detection apparatus of claim 1, further comprising a software 
5 program operating within said processor, wherein said software program produces said 

transmitted data burst, reads said received data burst, and verifies said received data burst 
against said transmitted data burst 



6. The proximity detection apparatus of claim 5, wherein said software program is 
10 designed to control steps performed by said software program for each of said transmitted data 

bursts while operating in said scan sensor module, said steps including: 
- ( a ) building a data byte comprised of eight bits; 

(b) serially shifting said data byte one bit at a time from a suitable output port of said 
processor, said shifting of said data byte occurring at a predetermined data rate; 
1 5 (c) serially reading said received digital data bursts on a bit by bit basis from a suitable 
input port of said processor; and 
(d) verifying said received digital data bursts against said transmitted digital data bursts. 

7. The proximity detection apparatus of claim 1, further comprising a second 

20 receiver electrically connected to said microcontroller, said second receiver having an axis of 

reception intersecting said axis of projection of said transmitter, wherein said second receiver is 

positioned and arranged with respect to said transmitter and said receiver to create a larger 

predetermined space in which to detect said object. 
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8. The proximity detection apparatus of claim 1, further comprising a portion 
control device for controlling an amount of product dispensed into a container by a dispensing 
system. 

9. The proximity detection apparatus of claim 8, wherein said portion control 
device includes means for detecting a container type and means for controlling the duration of 
time spent by said dispensing system in dispensing said product into said container. 

10. The proximity detection apparatus of claim 9, wherein said means for detecting a 
container type includes at least one sensor unit, said sensor unit comprising at least one of said 
transmitters and at least one of said receivers. - 

1 1 . The proximity detection apparatus of claim 10, wherein said at least one sensor 
unit includes at least two sensor units spaced vertically apart, said sensor units detecting said 
container type by detecting container height. 

12. The proximity detection apparatus of claim 11, wherein said at least two sensor 
units is three sensor units, said three sensor units detecting large, medium, and small containers. 

13. The proximity detection apparatus of claim 9, wherein said means for controlling 

said duration of time spent by said dispensing system in dispensing said product into a detected 

container includes a fill sequence training process, said fill sequence training process including 
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the steps of: filling said detected container at least one time; measuring at least one cycle time; 
and recording said at least one measured cycle time to automatically dispense said product upon 
detection of said container type. 

14. The proximity detection apparatus of claim 13, wherein said dispensing system 
is a drink dispenser and said at least one cycle time includes an Initial Fill cycle time, a Foam 
Settle cycle time, and a Top Off cycle time. 

15. A dispensing system for dispensing product into a detected container, 
comprising: 

(a) a transmitter having an axis of projection oriented toward a predetermined space; 
-(b) • - a receiver havingan axis of reception oriented to intersect said axis of projectionin said 
predetermined space; 

(c) a processor electrically connected to said transmitter and to said receiver, wherein said 
processor electrically produces transmitted data bursts to said transmitter, said 
transmitter receives said transmitted data bursts and emits corresponding optical bursts 
toward said predetermined space, wherein said receiver detects return optical bursts and 
electrically transmits corresponding received data bursts to said processor, and wherein 
said processor compares said transmitted data bursts to said received data bursts to 
verify whether a container is in said predetermined space; and 

(d) a portion control device including means for detecting a container type and means for 
controlling a duration of time spent by said dispensing system in dispensing said 
product. 
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16. A dispensing system for automatically dispensing product into a detected 
container, comprising: 

(a) at least two sensor units spaced apart to detect a container type, each of said at least two 
sensor units including: 

(i) at least one transmitter having an axis of projection oriented toward a 
predetermined space; and 

(ii) at least one receiver having an axis of reception oriented to intersect said axis of 
projection in said predetermined space; 

(b) a processor electrically connected to said at least two sensor units, wherein said 
processor electrically produces transmitted data bursts to said transmitters, said 
transmitters receive said transmitted data bursts and. emits corresponding optical bursts 
toward said predetermined space, wherein said receivers detect return optical bursts and 
electrically transmit corresponding received data bursts to said processor, and wherein 
said processor compares said transmitted data bursts to said received data bursts for said 
at least two sensor units, verifies whether a container is in said predetermined space, and 
identifies said container type; and 

(c) a portion control device including a fill sequence training process that forms part of a 
means for controlling the duration of time spent by said dispensing system in dispensing 
said product, said fill sequence training process including the steps of: filling said 
detected container at least one time; measuring at least one cycle time; and recording 
said at least one measured cycle time to automatically dispense said product upon the 
detection of said container type. 
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17. A method for dispensing a product into a container, said method comprising the 



steps of: 



(a) 



producing digitally encoded transmitted data bursts; 



(b) 



converting said transmitted data bursts into optical data bursts corresponding to said 



transmitted data bursts; 



(c) 



emitting said optical data bursts to a predetermined space; 



(d) 



detecting return optical data bursts; 



(e) converting said return optical data bursts into received data bursts; 

(f) reading said received data bursts; 

(g) verifying said received data bursts against said transmitted data bursts to determine 
• whether said container is present in said predetermined space; and 

(h) dispensing a product into said container. 

18. The method for dispensing a product into a container of claim 17, further 
comprising the step of controlling the amount of product dispensed into said container. 

19. The method for dispensing a product into a container of claim 18, wherein said 
step of controlling the amount of product dispensed into said container includes the step of 
detecting a container type. 
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20. The method for dispensing a product into a container of claim 19, wherein said 
step of controlling the amount of product dispensed into said container includes the step of 
programming a fill sequence for said container type. 

21. A method for dispensing a product into a container, said method comprising the 
steps of: 

(a) producing digitally encoded transmitted data bursts; 

(b) converting said transmitted data bursts into optical data bursts corresponding to said 
transmitted data bursts; 

(c) emitting said optical data bursts to said predetermined space; 

(d) detecting return optical data bursts; 

(e) converting said return optical data bursts into received data bursts; 

(f) reading said received data bursts; 

(g) verifying said received data bursts against said transmitted data bursts to determine 
whether said container is present in said predetermined space; 

(h) dispensing a product into said container, and 

(i) controlling the amount of product dispensed into said container by detecting a container 
type and programming a fill sequence for said container type. 
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ABSTRACT OF THE DISCLOSURE 



A proximity detection apparatus for detecting objects within a predetermined space. 
The apparatus comprises a transmitter, a receiver, a processor, and a power supply that provides 
electrical potential to the transmitter, the receiver, and the processor. The processor produces 
transmitted data bursts to the transmitter, the transmitter emits optical data bursts toward the 
predetermined space where, if the object is present, the optical data bursts reflect off of the 
object as return optical bursts. The receiver detects the return optical bursts and transmits 
received data bursts to the processor. The processor compares the received data bursts against 
the transmitted data bursts to verify that the object is present in the predetermined space. The 
processor produces an output signal to control equipment based the object being present or 
absent from the predetermined space. A dispensing system embodiment may include a portion 
control device. 



The following attorney's file path identification forms no part of the disclosure or claims of 

this application: j:\cHcnts\contprod\touchlsdispconl\proxdetconl.dw 
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